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Abstract

In the context of open innovation, innovation cooperation has become an important path
to strengthen the resilience of urban economics. This study aims to explore how different
innovation cooperation patterns impact urban economic resilience by utilizing panel data
from 280 Chinese cities from 2010 to 2020. The results show that intra-provincial buzz
has a nonlinear relationship with economic resilience, while the inter-provincial pipeline
consistently enhances that resilience. Furthermore, intra-provincial buzz primarily pro-
motes economic resilience by improving the technology agglomeration level, while the
inter-provincial pipeline achieves the same by fostering innovation and entrepreneurship
vitality. Further analysis reveals heterogeneous effects across geographic locations, city
sizes, and levels of industrial diversification. These findings highlight the complex impacts
of two innovation cooperation patterns on urban economic resilience, underscoring the
requirement for strategies tailored to specific situations depending on geographic and
economic contexts.

Keywords: innovation cooperation; urban linkage; economic resilience; intra-provincial
buzz; inter-provincial pipeline

1. Introduction
The world is undergoing profound changes driven by economic globalization and

international order. Countries face multiple risks and uncertainties, including economic
downturn, geopolitical conflicts, and other extreme events. In this context, resilience think-
ing has attracted significant attention from both scholars and policymakers, particularly
regarding economic resilience [1,2]. Regional economies are complex and dynamic sys-
tems influenced by multitude factors such as variations in economic structure, governance
policies, labor market circumstances, financial arrangements, and network relationships.
These structural differences lead to the diversification of regional development paths [3].
Economies differ significantly in their capacity to resist, recover, and evolve in response
to external shocks. While some cities can adapt to challenges by reallocating resources,
adjusting the industrial structure, and achieving a smooth transformation and upgrades,
others may experience stagnation [4]. Therefore, enhancing economic resilience has become
crucial for navigating both internal and external complexities, ensuring sustainable urban
development [5].
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Innovation plays a vital role in leading urban development [6,7]. With the expansion of
the city size and the transformation and upgrades of the economic structure, the challenges
faced by a single city are increasingly complex, necessitating inter-city collaboration to
address and solve common issues [8]. Inter-city innovation cooperation has thus become
a vital strategy to accessing innovation resources, sharing scientific and technological
achievements, and improving complementarity [9]. These processes are beneficial to
enhancing the innovation capacity, industrial interaction, and sustainable development of
cities. The innovation collaboration network offers a fresh research viewpoint for examining
disparities in urban economic resilience through the lens of spatial correlation and inter-city
links [10,11].

Local buzz and global pipelines are two important patterns in innovative collaborative
networks first proposed by Bathelt [12]. The interaction and cooperation within a region are
defined as “buzz”, which allows innovators to exploit complementary and heterogeneous
knowledge through face-to-face contact; whereas “pipelines” denote the cross-region
ties that enable the acquisition, interpretation and re-deployment of knowledge residing
in other regions [12,13]. Given the variety of regional scales adopted in the literature,
such as industrial clusters, urban boundaries, or urban agglomerations, scholars employ
different regional scales to characterize inter-city innovation cooperation [14–16]. For
example, Cao et al. distinguished between buzz and pipelines based on the boundaries of
urban agglomerations in China, and they show that intra-regional buzz and inter-regional
pipelines function as complementary channels in boosting the knowledge production
capacity [17].

However, the provinces are the core administrative units for designing and implement-
ing economic, fiscal, and science and technology policies in China [18]. Fiscal decentraliza-
tion also intensified the competition at the provincial level, leading local governments to
coordinate innovation resources to maximize local economic growth [19,20]. A growing
number of studies have demonstrated that innovation collaboration networks in China
are sharply segmented by provincial administrative borders [21,22]. This effect of provin-
cial barriers brings intra-provincial interactions naturally into alignment with the “buzz”
characteristics of a high frequency and institutional proximity. In contrast, inter-provincial
collaborations are treated as “pipelines”—more formal, strategic, and deliberate channels
for knowledge exchange across longer distances, which require a greater cost to estab-
lish and maintain. Thus, this paper adopts provincial boundaries as the regional unit of
analysis, and then intra-provincial cooperation is defined as “intra-provincial buzz” and
inter-provincial cooperation is defined as an “inter-provincial pipeline”.

In conclusion, economic resilience is a dynamic and interconnected concept, with
innovation serving as a key driver. Given the specificities of China’s fiscally decentralized
and province-centric governance, examining the distinct impacts of two innovation co-
operation patterns, i.e., “intra-provincial buzz” versus the “inter-provincial pipeline”, on
urban economic resilience is crucial for developing policies to foster innovative regional
growth and resilient cities. The scientific question we are trying to answer is as follows:
how do two innovation cooperation patterns differently shape urban economic resilience
in China, and what about their synergy effect and underlying mechanisms? Thus, by
utilizing data on inter-city joint patent ties for 280 Chinese prefecture-level cities from
2010 to 2020, this study systematically examines the impact of “intra-provincial buzz” and
the “inter-provincial pipeline” on urban economic resilience.

Our study makes three marginal contributions as follows. First, while prior studies on
economic resilience have largely focused on urban intrinsic attributes, such as industrial di-
versification, human capital, and infrastructure, this research emphasizes the critical role of
external inter-city connections. By shifting the perspective from “attributes” to “relations”,
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we demonstrate the effect of the inter-city innovation network on urban economic resilience.
Second, we extend the “buzz–pipeline” framework to the Chinese institutional context,
where the province is the fiscal and political unit that plays a critical role in governing
resource allocation [20]. The existing literature has primarily explored the “buzz–pipeline”
effect at the industrial cluster [12], city [23], or urban agglomeration scales [17]. Most
of these studies only focused on the impact of the different innovative cooperation pat-
terns on innovation output, rather than the performance of the urban economy itself.
Our paper is the first to test whether “intra-provincial buzz” and the “inter-provincial
pipeline” translate into city-level economic resilience. The results will help to reveal how
the theory operates differently under China’s highly provincialized governance and pro-
vide more policy-relevant insights. Third, this paper attempts to unpack the black box
of network to resilience by showing the differentiated mechanisms and heterogeneous
effects across city sizes, geographical locations, and industrial structures. Consequently,
our findings provide guidance that enables cities to tailor innovation cooperation strategies
and resilience-boosting schemes to their specific contextual conditions.

This paper is organized as follows: a review of the prior literature is the second
section; Section 3 presents a theoretical analysis and hypotheses; Section 4 outlines the
empirical model, variable selection, and dataset; Section 5 reports the data analysis results;
and Section 6 discusses the empirical findings related to heterogeneity. Lastly, Section 7
concludes this paper with the major findings and policy implications.

2. Literature Review
2.1. Research on Urban Economic Resilience

The concept of resilience has evolved over time and is now widely used in fields such
as ecology, economics, and urban planning [24]. Martin et al. [1] introduced “adaptive
resilience” into the economic context, viewing regional development as a complex process
where responses to crises and recovery can lead to a new growth direction [1,24]. Resilience,
in this framework, is not just returning to the pre-crisis state, but evolving toward a better
one [25]. Much of the previous research on urban resilience has focused on economic
aspects, with studies examining economic resilience in response to shocks and how resilient
it is to withstand shocks [26,27]. This includes capabilities of restructuring, adaptation,
immunity, and path renewal, which are embedded in the micro-level responses of firms,
meso-level evolution of industries and technologies, and macro-level institutional archi-
tecture [28–30]. After the COVID-19 pandemic, it has been found that acute shocks now
coincide with many kinds of chronic stresses [31]. This renders the separation of resilience
to a specific shock empirically infeasible. Consequently, short-run “operational” resilience
has received much attention, with a focus on the stability and sustainability of economic
development [32]. Following this conceptual evolution, the urban economic resilience in
this paper is defined as a city’s general capacity to maintain steady economic growth in the
short term, measured by GDP output growth.

Previous research on urban economic resilience has focused on metrics, its spatiotem-
poral evolution, and influencing factors. In China, studies mainly concentrate on urban
agglomerations [33], and specific regions like the Yellow River Basin [34], Yangtze River
Delta [35], and Pearl River Delta [36]. Studies reveal that the economic resilience for differ-
ent cities is characterized by substantial spatial heterogeneity. Existing research highlights
factors like the industrial structure [32,37], population agglomeration [38], openness [39],
and innovation capacity [40]. While a city’s internal structure and attributes influence its
resilience, its external relationships and collaboration networks also play a key role [41,42].
Related research has shown that the structure of innovation networks may influence eco-
nomic resilience by lowering transaction costs, raising expected returns, and facilitating
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knowledge exchange and sharing [43]. Therefore, integrating urban resilience with inter-
city innovation networks is essential for comprehensively understanding the causes of the
disparities in economic resilience across cities from a dynamic perspective [44].

2.2. Relevant Research on Innovation Network

With rapid advances in information and communication technology, innovation has
shifted to a “network mode”, characterized by the global, large-scale flow of knowledge
resources [45]. Given the limited local innovation resources, cities must actively engage
in knowledge cooperation and build collaborative networks to sustain innovation and
avoid technological lock-ins. As information and communication technology advances and
regional economic integration improves, “flow space” has replaced “local space” as the
dominant spatial organization form. Urban networks explain this new structure [46]. The
concept of the innovation network, first proposed by Freeman [47], enables the seamless
flow of innovation components through collaboration. Both formal and informal con-
nections are formed to exchange standardized and tacit knowledge between enterprises.
Innovation networks are key for knowledge sharing, matching, learning, and the exchange
and diffusion of innovation elements [9,15].

There are two primary methods for constructing urban innovation networks. The
first method measures innovation relationships between cities by constructing spatial in-
teraction models and modified gravity models [48,49]. However, such measures rely on
assumptions and overemphasize the hierarchical relationship between cities, reducing their
explanatory power [50]. The second method directly measures the innovation connec-
tions between cities using knowledge flow carriers, such as scientific research papers [17],
patents [51], skilled professional mobility [52], and the multi-city distribution of innovative
enterprises [53]. These inter-city linkages more accurately reflect the real and asymmetric
innovation relationship between cities within the urban network. Most existing studies
on urban innovation networks use diverse data sources and social network analysis meth-
ods to assess factors such as the spatial pattern, hierarchical structure, and collaboration
types [13,23]. These studies reveal how cities function as nodes within the innovation
network and how knowledge flows amongst them. However, rigorous evidence linking
innovation cooperation to economic performance remains scarce.

2.3. Research Gap

Previous studies have explored the mechanism affecting innovation network devel-
opment, focusing on how urban characteristics and proximity in space, technology, and
society influence inter-city innovation linkages. In the open innovation framework, urban
networks for knowledge sharing, matching, and learning are seen as vital for fostering
innovation and economic growth. Bathelt’s “buzz–pipeline” dynamic model [12] has sig-
nificantly deepened the understanding of knowledge production and innovation across
spatial scales and has recently been expanded to a broader region, such as urban agglomer-
ations [13,17]. However, most of the existing research focused on the impact of intra-region
and inter-region collaboration linkages on innovation output, while their further promot-
ing effect on economic resilience has been less explored. More importantly, given the
province-centric governance in China, cities within the same province have geographical
proximity and non-geographical proximity such as similar knowledge structures, institu-
tional frameworks, cognitive patterns, and cultural customs [18,20]. Thus, it is more in
line with China’s national conditions to distinguish between buzz and pipelines based on
provincial boundaries. Following the “structure–process–performance” paradigm, a clearer
understanding of how innovation cooperation patterns shape urban economic resilience in
the context of China’s highly provincialized governance is highly needed.
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3. Theoretical Framework and Research Hypotheses
3.1. Direct Effect of Innovation Cooperation Patterns on Economic Resilience

Intra-provincial buzz refers to the formal and informal cooperative networks formed
among urban entities within the same province due to geographical proximity and low ad-
ministrative barriers [54]. It influences urban economic resilience through dual mechanisms
of collaboration and competition. On the one hand, new regionalism emphasizes the local-
ized nature of knowledge and the importance of local knowledge sources [55]. Building on
geographical proximity and institutional similarity, intra-provincial innovation cooperation
facilitates the smooth flow of talent, capital, and knowledge. Additionally, it effectively
reduces knowledge search costs and collaboration risks, thereby driving technological
progress and enhancing resilience [56]. On the other hand, based on “Porter externalities”,
when a large amount of innovation resource concentrates within limited geographical
spaces and markets, it places competitive pressure on enterprises in the region [57]. This
pressure not only motivates leading firms, as innovation pioneers, to continuously ex-
pand their R&D advantages and raise industry entry barriers but also compels small and
medium-sized enterprises, as innovation followers, to increase their innovation investment
in order to maintain their market share. This collective effort ultimately strengthens the
regional innovation capability and resilience [58].

However, intra-provincial buzz may also exhibit a “dark side”, where over-embeddedness
in the local collaboration network can hinder regional development. On the one hand, cities
may become overly reliant on existing homogeneous knowledge bases, leading to a lack of
knowledge diversity [59]. This could result in the local technological trajectory falling into
a state of “path dependence”, constraining the development of economic resilience. On the
other hand, excessively dense local connections can trigger “information overload” and
weaken systemic diversity and competitive vitality, ultimately undermining the stability of
the economic system [60]. Accordingly, we propose the following hypothesis:

H1. Within local innovation cooperation networks, intra-provincial buzz exhibits an inverted
U-shaped relationship with urban economic resilience.

The inter-provincial pipeline refers to formalized and standardized cooperation and
communication between cities across provincial administrative boundaries, enabling the
exchange of diverse knowledge, technology, and information [13]. Unlike informal “buzz”,
the inter-provincial pipeline offers cities access to external expertise and market data [17].
Firstly, inter-provincial pipelines transcend geographical distances and administrative
barriers, facilitating the flow of diverse knowledge and mitigating regional technology
homogenization and spatial lock-ins, thereby accelerating technological progress and fos-
tering high-quality urban economic development. Secondly, the inter-provincial pipeline
can promote resource integration and industrial linkages through cross-regional collab-
oration, improving economic efficiency and resilience. Lastly, the broad spatial network
scope of the inter-provincial pipeline helps cities break from local knowledge systems,
driving innovation and optimizing the industrial structure [13]. Accordingly, we propose
the following:

H2. Inter-provincial pipelines can enhance urban economic resilience.

3.2. Synergistic Effect of Two Innovative Cooperation Patterns on Economic Resilience

Intra-provincial buzz and the inter-provincial pipeline are not separate forces; rather,
they are interconnected. Intra-provincial buzz cannot address the local production scale
and market expansion needs without the broader reach of inter-provincial cooperation.
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Inter-provincial pipelines extend the spatial scope of innovation cooperation, enhancing
the influence of the innovation cooperation network on urban entities [12]. Thus, urban
economic resilience benefits from the coordinated development of both the inter-provincial
pipeline and intra-provincial buzz. While intra-provincial buzz facilitates the sharing of
tacit knowledge, the inter-provincial pipeline provides more formalized and standardized
interaction and cooperation, promoting the exchange of diverse knowledge. Together, they
complement each other’s strengths, improve the overall innovation level, and mitigate risks
like knowledge and technology lock-ins [17]. For external knowledge to have a meaningful
impact, it must be integrated locally via intra-provincial buzz. Accordingly, we propose
the following:

H3. The coordinated development of intra-provincial buzz and inter-provincial pipeline may
enhance urban economic resilience.

3.3. Mechanism Effects: Technology Agglomeration and Vitality of Innovation
and Entrepreneurship

Intra-provincial buzz primarily refers to short-distance communication and informa-
tion exchange among economic entities within a province through face-to-face interactions,
which can be described as a “local communication platform” characterized by informal, fre-
quent creation and exchange of information. In this process, geographic proximity facilitates
communication and collaboration among innovators, accelerating knowledge spillover
and diffusion. This helps overcome resource constraints, promotes the recombination of
innovation factors, and enhances the urban innovation capacity, thereby strengthening the
levels of technology agglomeration [43]. Meanwhile, as technology clusters, traditional
industries undergo transformation and upgrading, while emerging industries are culti-
vated and developed. This enhances synergy across upstream and downstream segments
of industrial chains, improves overall industrial competitiveness, and contributes to a
more rational industrial structure. As a result, cities become better equipped to cope with
external economic fluctuations and achieve stable economic development.

Inter-provincial pipelines emphasize long-distance interaction and connectivity across
different regions. This mode of interaction provides an effective channel for cities to access
diversified knowledge and technologies, integrate into broader innovation cooperation
networks, and enhance innovation capabilities through network externalities [12]. Through
collaborative innovation, inter-provincial pipelines help reduce uncertainties and transac-
tion costs in innovation activities, thereby stimulating the vitality of urban innovation and
entrepreneurship. Concurrently, urban entrepreneurial activities give rise to numerous new
enterprises and industries, intensifying market competition and accelerating industrial
metabolism. This drives the expansion of the market scale and increases the demand for
production factors. This process expands the scope for a free flow of factors, improves re-
source allocation efficiency, and unleashes the development potential of innovation factors.
Therefore, enhancing the vitality of urban innovation and entrepreneurship contributes to
injecting new dynamism into urban economic resilience.

H4. Intra-provincial buzz and inter-provincial pipeline enhance urban economic resilience by
boosting technology agglomeration and stimulating innovation and entrepreneurship, respectively.

Figure 1 illustrates the mechanism through which the two innovative cooperation
patterns—intra-provincial buzz and the inter-provincial pipeline—impact urban eco-
nomic resilience.
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Figure 1. Theoretical framework of this study. In the figure, the circles represent cities, with larger
circles outlining provincial boundaries. The lines indicate inter-city innovation collaboration links,
illustrating both intra-provincial "buzz" and inter-provincial "pipeline" dynamics.

4. Research Design
4.1. Sample Election and Data Source

In this study, we use prefecture-level cities in China to test our theoretical predic-
tions. Excluded are samples lacking information on key factors, and finally, our sample
cities comprise 280 Chinese cities at the prefecture level. The primary data on innova-
tion cooperation are derived from the patent information service platform of the State
Intellectual Property Office. We construct measures of innovation collaboration using the
authors address co-occurrence information from patent records. These data enable us to
analyze two innovation cooperation patterns: intra-provincial buzz and the inter-provincial
pipeline. Firstly, joint patent applications with two or more applicants are extracted, and
data where the applicant cannot be matched to a corresponding city were eliminated.
Secondly, for joint patent applications with three or more applicants, they are recorded
as multiple patent cooperation data by the pin-two crossing method; finally, applicant
addresses were matched to the corresponding prefecture-level city, and an undirected
weighting matrix was established. Additional data sources included the National Bureau of
Statistics, the China City Statistical Yearbook, and statistical yearbooks issued by provinces
and municipalities.

4.2. Variable Definitions
4.2.1. Urban Economic Resilience

The term “urban economic resilience” describes a city’s resistance, resilience, and
ability to reorganize and renew paths when a crisis comes [1]. Most studies measure the
resilience of the urban economy by constructing a multidimensional index system [61],
measuring the elasticity of a one-dimensional variable [62], or using counterfactual esti-
mation [63]. Because multidimensional indicators are chosen in various ways and weights
are measured differently, the existing research findings are inconsistent and difficult to
verify or compare. Moreover, single-indicator measurement is based on straightforward
calculations and is not likely to confuse causality, meaning one-dimensional variables are
frequently employed in the evaluation of urban economic resilience [64]. Scholars usually
choose the employment rate or economic output as the core indicator to assess the resilience
of economic variables. Building on the studies of Hu et al. [31] and Feng et al. [32], this
paper employs GDP as the indicator of economic output to measure the vulnerability
and resistance dimension of urban economic resilience. It is constructed by comparing
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the actual amount change in GDP with the expected change (national level) using the
following formula:

Resit =

(Yit−Yi,t−1)
Yi,t−1

− (Ynt−Yn,t−1)
Yn,t−1∣∣∣ (Ynt−Yn,t−1)

Yn,t−1

∣∣∣ (1)

In the formula, Yit and Yi,t−1 represent the actual GDP of city i during periods t and
t − 1, respectively; and Ynt and Yn,t−1 reflect the total country’s actual GDP over times t
and t − 1, respectively.

As an illustration, Figure 2 demonstrates the degree of urban economic resilience in
China’s 280 cities for the year 2020.

Figure 2. The urban economic resilience in 2020.

4.2.2. Intra-Provincial Buzz and Inter-Provincial Pipeline

This paper considers prefecture-level cities as nodes and constructs innovation cooper-
ation networks using data of inter-city patent application collaborations in the following
steps. (i) If a joint patent involves n different cities, that patent is considered to represent
n × (n − 1)/2 instances of cross-city collaboration. By aggregating and superimposing
these collaborations, intra-provincial and inter-provincial cooperation networks are con-
structed, respectively. (ii) The more connections a city possesses in the network, the greater
its potential to access and absorb external knowledge spillovers, reflecting its ability to
acquire a wide range of knowledge resources [17]. Therefore, intra-provincial buzz and
the inter-provincial pipeline in our study can be represented by the reciprocal sum of the
shortest path lengths [65,66]. The smaller the sum of the shortest path lengths between a
given city and all other cities in the network, the more knowledge resources it can access.
(iii) Furthermore, when the shortest paths between node cities are identical, the cooperation
intensity is incorporated as a weight into the measurement of these indicators [13]. This
allows for a more precise measurement of the potential scale of knowledge flow. The
specific formula can be presented as below:

buzzp
it = ∑np

i=1
1

wdik
(2)
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pipelinep
it = ∑nq

i=1
1

wdi f
(3)

In the formula, buzzp
it represents the intra-provincial buzz of city i during the period t;

the weighted shortest path length between cities i and k is represented by wdik; both cities
are located in the same province p; the inter-provincial pipeline of city i in the period t is
denoted by pipelinep

it; the shortest path length between city i and city f is represented by
wdi f ; and city i is located in province p while city f is located in province q.

4.2.3. Mechanistic Variables

Mechanism Variable 1: Technology agglomeration. Technology agglomeration of a
city reflects the spatial over-concentration of technological elements relative to the national
average. Considering that the innovation labor and technology output are two represen-
tative dimensions, we measure the technology agglomeration with these two indicators
using a Location Quotient (LQ)-based approach. First, we compute separate LQs for R&D
personnel [67] and patent applications [68], by calculating the city’s share of the national
total. A value of LQ higher than 1 indicates an above-average spatial concentration. Then,
two LQs are standardized and averaged with equal weights (0.5) to form the composite
tech index, with higher values denoting a stronger agglomeration of technological factors.

Mechanism Variable 2: Vitality of innovation and entrepreneurship. This concept
refers to the extent to which new enterprises, new capital, and new inventions emerge in
the process of urban development [69]. Referring to the method employed in the study
of Su et al. [70], three indicators are compiled to represent the vitality of innovation and
entrepreneurship: (i) annual number of patent applications in each city, (ii) annual counts
of newly registered enterprises, and (iii) the proportion of self-employed and private-
sector employees. After standardizing the data of these three indicators to eliminate scale
differences, the entropy weight method is applied to yield a composite vital index between
0 and 1, with higher values indicating higher innovation and entrepreneurship vitality.

4.2.4. Control Variables

The following five control variables were chosen for this paper: (1) Human capital
(hum): the proxy variable is the logarithm of the number of college students per 10,000 per-
sons. (2) Traffic accessibility (trf): measured by the logarithm of highway passenger traffic.
(3) Consumption level (consu): the entire amount of urban consumer goods sold via retail
this year is represented by the logarithm. (4) Degree of informatization (inter): calculated
using the logarithm of the total number of people with Internet broadband connection.
(5) Marketization level: represented by the Fan Gang Marketization index [71]. Table 1
provides descriptive statistics for the variables.

Table 1. Descriptive statistics for each variable.

Variable Definition Obs. Mean S.D. Min. Max.

res Economic resilience 3002 −0.0036 0.5472 −9.9484 2.2342
buzz Intra-provincial buzz 2958 0.0557 0.1434 0 2.0336

pipeline Inter-provincial pipeline 3002 0.8642 1.6359 0 16.7859
hum Human capital 3002 4.6416 1.1100 −4.3469 7.5660

trf Traffic accessibility 3002 8.3449 1.0597 2.1972 12.5656
consu Consumption level 3002 15.5625 1.0578 5.4723 18.8865
inter Degree of informatization 3002 13.3791 0.9746 9.2103 17.7617

market Marketization level 3002 11.6598 2.3912 4.68 19.69
tech Level of technology agglomeration 2685 0.1031 0.0824 0.0044 0.9026
vital Vitality of innovation and entrepreneurship 3002 0.0167 0.0170 0.0006 0.2068
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4.3. Model Setting

In order to explore the effects of two innovative cooperation patterns, i.e., intra-
provincial buzz and the inter-provincial pipeline, on urban economic resilience, we took
advantage of the panel data of 280 cities in China over the period of 2010–2020 and chose a
two-way fixed-effect model to carry out the analysis. The following is the formulation of
the model:

resit = α0 + α1buzzit + α2buzzit
2 + β1Zit + σi + λt + εit (4)

resit = α0 + α1pipelineit + β1Zit + σi + λt + εit (5)

Considering the complementary relationship between intra-provincial buzz and the
inter-provincial pipeline, the synergistic effect of the two innovative cooperation patterns
was further tested by adding the interaction terms to the model:

resit = α0 + α1buzzit + α2 pipelineit + α3buzzit × pipelineit + β1Zit + σi + λt + εit (6)

In the formula, i and t represent the city and year, respectively, resit denotes the
economic resilience, buzzit represents the intra-provincial buzz, pipelineit indicates the
inter-provincial pipeline, and buzzit × pipelineit is the interaction term of the two, reflecting
the synergistic development level of buzz and the pipeline. Zit is a set of control variables
at the city level that affect city economic resilience in this paper; σit represents city fixed
effects; and λit represents time fixed effects.

To verify the mechanism of intra-provincial buzz and inter-provincial pipeline innova-
tion cooperation patterns affecting urban economic resilience, we examined the potential
influence paths based on theoretical analysis: intra-provincial buzz enhances urban eco-
nomic resilience by improving the level of technology agglomeration; the inter-provincial
pipeline enhances urban economic resilience by boosting the vitality of city innovation
and entrepreneurship. Accordingly, we introduced a mediating effect model to verify this
hypothesis, as shown in Equation (7).

resit = γ0 + γ1Mit + γ2buzzit/pipelineit + γ3Zit + σi + λt + εit (7)

In the formula, Mit represents the mediating variable. Specifically, Mit is the technol-
ogy agglomeration level (techit) when the explanatory variable is intra-provincial buzz, and
it is the vitality of innovation and entrepreneurship vitality (vital it) when the explanatory
variables is the inter-provincial pipeline. The meanings of the other explanatory variables
remain as previously defined.

5. Empirical Analysis and Results
5.1. Results of Intra-Provincial Buzz and Inter-Provincial Pipeline

Figure 3 visualizes the characteristics of the intra-provincial buzz and inter-provincial
pipeline network constructed in this study for 2020. It can be seen that the intra-provincial
buzz is markedly denser in the east and sparser in the west. Guangdong and Zhejiang
Provinces host the strongest within-province ties, with Guangzhou, Hangzhou, Dongguan,
Shenzhen, Nanjing, Ningbo, and Jinan acting as high-intensity buzz hub cities (Figure 3a).
As for the inter-provincial pipeline network, Beijing occupies the core position, and Shang-
hai, Nanjing, Shenzhen, Tianjin, Chengdu, Wuhan, and Xi’an emerge as key hub cities,
radially linked to Beijing in an umbrella-like skeleton that underpins the entire national
pipeline (Figure 3b).
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Figure 3. The spatial structure and key hub cities of intra-provincial (a) and inter-provincial (b) inno-
vation cooperation network in China in 2020.

5.2. Benchmark Regression Results

Considering that potential missing variables that might not change over time and
could bias the regression results, a dual fixed-effect model (involving both time and region)
was used to empirically test the causal relationship between intra-provincial buzz, the
inter-provincial pipeline, and urban economic resilience. In Table 2, columns (1) and (2)
display the regression results regarding the nonlinear influence of intra-provincial buzz on
economic resilience. The outcomes indicate that, regardless of whether control variables
are included, an inverted “U”-shaped relationship between intra-provincial buzz and
economic resilience is suggested by the first term’s significantly positive coefficients and
the second term’s significantly negative coefficients. It shows that intra-provincial buzz
first promotes urban economic resilience but eventually inhibits that buzz. The probable
reason could be that even though intra-provincial buzz has the potential to boost the
enhancement of economic resilience by facilitating the flow and sharing of information,
excessive intra-provincial buzz may lead to issues such as information overload and
solidification, which can accordingly impede the improvement of economic resilience.
Hypothesis 1 is confirmed.

To verify the inverted “U”-shaped relationship’s validity further, this paper combined
the fact data in 2020 and examined the distribution of samples relative to both sides of
the inflection point. According to the U-test, the provincial buzz value at the inflection
point was 0.8592, falling within the value range of [0.0001, 2.0336], and about 97.11% of the
samples were located on the left side of the inflection point. Specifically, the intra-provincial
buzz values for eight cities in the study sample—Guangzhou, Dongguan, Foshan, Shenzhen,
Shantou, Hangzhou, Ningbo, and Huizhou—were located on the right side of the inverted
“U” curve’s inflection point. These cities are predominantly highly developed cities located
in the eastern coastal region, with high levels of economic output and innovation activity.
This finding indicates that top-tier cities should focus on optimizing and diversifying
their inter-city innovation cooperation network to guard against the risks of excessive
embeddedness in intra-provincial networks and avoid the homogenization of knowledge
and technology.

Overall, it can be observed that the relationship between intra-provincial buzz and
urban economic resilience remains predominantly positive. The potential negative effect is
relevant only for a small subset of top-tier cities with exceptionally dense intra-provincial
innovation networks. For the vast majority of cities in our sample, which remain on the
ascending part of the curve, strengthening intra-provincial buzz continues to generate
positive resilience gains.
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Table 2. Results of benchmark regression.

Variable
(1) (2) (3) (4) (5) (6)

res res res res res res

buzz 0.499 ** 0.631 *** −0.314 ** −0.263 **
(0.197) (0.208) (0.124) (0.133)

buzz2 −0.314 *** −0.354 ***
(0.121) (0.125)

pipeline 0.027 ** 0.038 *** 0.029 0.037 **
(0.013) (0.014) (0.019) (0.018)

buzz × pipeline 0.087 ** 0.089 **
(0.036) (0.036)

hum 0.061 0.069 * 0.070 *
(0.039) (0.041) (0.041)

trf 0.016 0.016 0.019
(0.029) (0.028) (0.028)

consu 0.069 0.067 0.061
(0.048) (0.047) (0.045)

inter 0.112 *** 0.111 *** 0.120 ***
(0.034) (0.032) (0.034)

market −0.003 −0.010 −0.006
(0.037) (0.034) (0.037)

Constant 0.175 *** −2.647 *** 0.176 *** −2.593 *** 0.174 *** −2.666 ***
(0.020) (0.941) (0.020) (0.894) (0.020) (0.919)

City YES YES YES YES YES YES
Year YES YES YES YES YES YES
Observations 2958 2958 3002 3002 2958 2958
R2 0.103 0.109 0.104 0.110 0.105 0.112

Note: Standard errors are reported in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

Columns (3) and (4) of Table 2 demonstrate that the inter-provincial pipeline’s impact
on urban economic resilience possesses a coefficient that is highly positive, regardless of
the inclusion of control variables, indicating that inter-provincial innovation cooperation
positively promotes urban economic resilience. The finding suggests that inter-provincial
innovation cooperation can overcome geographical limitations and administrative barriers,
attract entrepreneurs, investors, and innovative enterprises from different cities and fields,
and expand innovative development paths. Consequently, it enhances economic resilience
and strengthens urban risk resistance, thereby providing strong support for Hypothesis 2.

Columns (5) and (6) show the findings of the investigation into how urban economic re-
silience is affected by the interaction between intra-provincial buzz and the inter-provincial
pipeline. The results indicate that intra-provincial buzz and the inter-provincial pipeline
have complementary effects, and the synergized development of the two patterns can
achieve the effect of “1 + 1 > 2”, significantly promoting urban economic resilience and
thereby confirming Hypothesis 3. It is agreed that without cross-provincial cooperation
to introduce non-redundant and heterogeneous new knowledge and technologies, high-
intensity intra-provincial buzz can lead to solidification of the local knowledge base, which
in turn limits breakthrough innovations and creates technological lock-ins, hindering the
improvement in urban economic resilience. Conversely, without effective local cooperation,
the new external knowledge acquired by a strong inter-provincial pipeline struggles to be
localized and effectively disseminated with the region, making it difficult to apply and
transform innovative knowledge.

5.3. Test of Robustness and Endogeneity
5.3.1. Robustness Tests

To verify the results’ robustness, the following steps have been taken in this paper.
Firstly, municipalities immediately under the central government and provincial capitals
were excluded from the analysis. The reasons for the exclusion included that these regions
have abundant innovation resources, complete industrial systems, comprehensive infras-
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tructure, and a more advanced resource endowment structure, meaning they easily attract
more partners and establish economic ties. As a result, the concentration of resources can
restrict the influence of the innovation cooperation network in promoting urban economic
resilience, leading to potential bias in the estimation results. Consequently, the estimated
outcomes of the robustness test, excluding municipalities directly under the central gov-
ernment and provincial capitals, are shown in columns (1)–(3) of Table 3. The findings
imply that the relationship between intra-provincial buzz and urban economic resilience
remained nonlinear, illustrating an initial promotion followed by inhibition. On the other
side, the inter-provincial pipeline continued to significantly enhance urban economic re-
silience, indicating a strong robustness of the baseline regression results. The synergistic
coefficient of the two patterns was positive but not significant, suggesting that high-grade
cities are more likely to benefit from the combined effects of intra-provincial buzz and the
inter-provincial pipeline on urban economic resilience.

Table 3. Results of robustness test.

Provincial Capitals and Municipalities
Directly Under the Central

Government Were Excluded

Small and Medium-Sized Cities
Were Excluded

Top 10 Cities with More Cooperative
Cities Were Excluded

(1) res (2) res (3) res (4) res (5) res (6) res (7) res (8) res (9) res

buzz 0.705 *** −0.383 * 0.630 *** −0.268 ** 0.693 *** −0.365 *
(0.217) (0.221) (0.210) (0.133) (0.209) (0.208)

buzz2 −0.463 *** −0.346 *** −0.476 ***
(0.131) (0.124) (0.133)

pipeline 0.060 *** 0.063 ** 0.038 *** 0.037 ** 0.046 *** 0.043 **
(0.023) (0.031) (0.014) (0.018) (0.016) (0.019)

buzz × pipeline 0.110 0.093 ** 0.124 *
(0.069) (0.036) (0.072)

hum 0.070 * 0.072 * 0.073 * 0.062 0.070 0.071 0.067 * 0.069 * 0.069 *
(0.041) (0.042) (0.042) (0.042) (0.043) (0.044) (0.041) (0.041) (0.042)

trf 0.009 0.013 0.013 0.023 0.022 0.026 0.010 0.012 0.012
(0.029) (0.029) (0.029) (0.030) (0.028) (0.029) (0.029) (0.028) (0.029)

consu 0.055 0.051 0.049 0.060 0.058 0.052 0.066 0.061 0.060
(0.044) (0.043) (0.043) (0.045) (0.044) (0.043) (0.047) (0.045) (0.045)

inter 0.125 *** 0.131 *** 0.132 *** 0.112 *** 0.112 *** 0.121 *** 0.112 *** 0.117 *** 0.118 ***
(0.036) (0.036) (0.037) (0.035) (0.032) (0.035) (0.034) (0.034) (0.034)

market −0.006 −0.006 −0.008 −0.013 −0.019 −0.016 −0.002 0.003 −0.001
(0.040) (0.039) (0.039) (0.038) (0.034) (0.038) (0.038) (0.036) (0.037)

Constant −2.505 *** −2.568 *** −2.540 *** −2.504 *** −2.466 *** −2.526 *** −2.573 *** −2.623 *** −2.603 ***
(0.938) (0.918) (0.923) (0.925) (0.875) (0.904) (0.931) (0.934) (0.920)

Year/City YES YES YES YES YES YES YES YES YES
Observations 2701 2701 2701 2851 2895 2851 2881 2892 2881
R2 0.110 0.111 0.112 0.107 0.109 0.110 0.111 0.112 0.113

Note: Standard errors are reported in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

Secondly, following the study of Agrawal et al. [72], small and medium-sized cities
with fewer than one million residents were excluded from the analysis. The results of
columns (4)–(6) in Table 3 reveal that the significance level and sign of the coefficients
for intra-provincial buzz, the inter-provincial pipeline, and their interaction remained
consistent, indicating a strong robustness of the regression results across the whole sample.
Thirdly, the top ten cities with the highest number of cooperative connections were excluded
from the analysis, including Beijing, Shanghai, Nanjing, Wuhan, Xi’an, Shenzhen, Tianjin,
Chengdu, Hangzhou, and Guangzhou. This paper aimed to examine whether cities with
strong network links are more affected by the integration of innovative collaboration
networks in terms of urban economic resilience. The results displayed in columns (7)–(9)
of Table 3 indicate that the benchmark regression results retain their strong robustness,
confirming that the findings are not overly influenced by cities with particularly high levels
of cooperative connections.
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5.3.2. Endogeneity Test

To address potential endogeneity issues, this study employs the first-order lagged
terms of the intra-provincial buzz and the inter-provincial pipeline as instrumental vari-
ables, and it conducts a regression analysis using both the two-stage least squares (2SLS)
method and two-step optimal generalized method of moments (GMM) approach (Table 4).
Columns (1) to (4) present the 2SLS regression results. Specifically, columns (1) and (3)
show that the estimated coefficients of the instrumental variables are statistically significant
and positive, with first-stage F-statistics all exceeding 10, indicating no weak instrument
concerns. In columns (2) and (4), the Kleibergen–Paap rk LM statistics are significant at
the 1% level, rejecting the null hypothesis of “under-identification of instruments”, and
the Cragg–Donald Wald F statistics exceed the critical value of 16.38, further ruling out
the possibility of weak instruments. In the second-stage regression, after controlling for
endogeneity, both intra-provincial buzz and the inter-provincial pipeline continue to exhibit
statistically significant positive effects on urban economic resilience, consistent with the
baseline model.

Table 4. Results of IV validity tests.

2SLS Method GMM Estimation

(1) (2) (3) (4) (5) (6) (7) (8)

buzz res pipeline res buzz res pipeline res

buzz 0.283 ** 0.276 **
(0.143) (0.115)

L.buzz 1.057 *** 0.887 ***
(0.011) (0.015)

pipeline 0.036 * 0.036 ***
(0.019) (0.134)

L.pipeline 1.041 *** 0.886 ***
(0.007) (0.010)

F 156.16 2479.89 3549.81 7411.51
K-P LM statistics 16.479 28.122 1631.267 2098.264

<0.000> <0.000> <0.000> <0.000>
C-D Wald F statistics 156.16 2479.89 3549.806 7411.513

[16.38] [16.38] [16.38] [16.38]
Control YES YES YES YES YES YES YES YES

Year/City YES YES YES YES YES YES YES YES
Observations 2770 2770 2810 2810 2770 2770 2810 2810

R2 0.103 0.090 0.292 0.296

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. < > is a p value, [] are critical values for the Stock–Yogo weak ID test at the
10% significance level.

Similarly, the GMM regression results in columns (5) to (8) show that the under-
identification tests and weak instrument tests, both significantly reject their respective null
hypotheses, confirming the validity and appropriateness of the instrumental variables. Af-
ter accounting for endogeneity, the signs and statistical significance of the core explanatory
variables remain consistent with the baseline regression results. These results consistently
support the conclusions of this study.

5.4. Mechanism Analysis

This paper further examined the differentiated impact mechanisms of these two in-
novative cooperation patterns on urban economic resilience. Columns (1)–(3) in Table 5
present the test results when treating the technology agglomeration level (tech) as an inter-
mediary variable. Column (1) shows that intra-provincial buzz has a significant promoting
effect on economic resilience. Column (2) presents a significantly positive coefficient of intra-
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provincial buzz, indicating that intra-provincial buzz significantly improves the degree
of technology agglomeration. With the advantages of geographical proximity and fewer
administrative barriers, knowledge and technology elements could flow freely between
cities within the province, which facilitates the exchange and cooperation of innovation
subjects and promotes the transformation of innovation achievements into real productivity,
leading to a notable technology agglomeration effect. Column (3) shows that the regression
coefficient of technology agglomeration on economic resilience is significantly positive at
the 5% level. The finding indicates that intra-provincial buzz can raise the level of tech-
nology agglomeration to improve urban economic resilience. The underlying mechanism
could be that the innovation connection within the province makes it easier for knowledge
and technological factors to flow freely and be shared, which as a result, improves the level
of technology agglomeration. In return, this elevates economic production efficiency and
propels the optimization of the industrial structure, and all these elements play a part in
enhancing the resilience of the urban economy.

Table 5. Results of mechanism test result.

Intra-Provincial Buzz Inter-Provincial Pipeline

(1) res (2) tech (3) res (4) res (5) vital (6) res

buzz 0.205 * 0.077 *** 0.037
(0.114) (0.016) (0.092)

pipeline 0.038 *** 0.002 *** 0.032 **
(0.014) (0.001) (0.014)

tech 0.602 **
(0.250)

vital 3.601 ***
(1.047)

hum 0.058 −0.009 *** 0.011 0.069 * −0.001 0.072 *
(0.039) (0.003) (0.032) (0.041) (0.001) (0.040)

trf 0.010 −0.004 * −0.042 ** 0.016 −0.002 ** 0.021
(0.029) (0.002) (0.021) (0.028) (0.001) (0.028)

consu 0.067 −0.005 0.051 0.067 0.003 * 0.056
(0.047) (0.004) (0.037) (0.047) (0.002) (0.043)

inter 0.111 *** −0.007 ** 0.073 ** 0.111 *** 0.002 ** 0.105 ***
(0.034) (0.003) (0.032) (0.032) (0.001) (0.032)

market −0.005 −0.004 * −0.011 −0.010 0.001 −0.013
(0.037) (0.002) (0.022) (0.034) (0.001) (0.034)

Constant −2.525 *** 0.347 *** −1.134 −2.593 *** −0.047 * −2.424 ***
(0.937) (0.073) (0.729) (0.894) (0.027) (0.857)

Year/City YES YES YES YES YES YES
Observations 2958 2645 2645 3002 3002 3002

R2 0.107 0.485 0.258 0.110 0.091 0.113

Note: Standard errors are reported in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

Columns (4)–(6) in Table 5 provide insights into the role of innovation and en-
trepreneurship vitality as an intermediary variable. Column (4) verifies that the results are
consistent with those from the baseline regression, thus confirming the previous findings.
Column (5) shows that the inter-provincial pipeline significantly improves the vitality of
urban innovation and entrepreneurship, indicating that inter-provincial innovation cooper-
ation promotes the interaction of new knowledge and new technology, contributes to the
improvement of the level of collaborative innovation, and enhances industrial correlation,
thus creating more opportunities for innovation and entrepreneurship. Column (6) shows
that when the vitality of innovation and entrepreneurship is included in the benchmark
regression model as an intermediary variable, it is significant at the level of 1%. This
indicates that the inter-provincial pipeline stimulates the activity of urban innovation
and entrepreneurship, thereby enhancing cities’ resilience to keep steady growth. The
underlying reason could be that cross-provincial innovation cooperation facilitates the
local application and transformation of heterogeneous knowledge and new technology,
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which, in turn, improves the level of inter-city collaborative innovation and infuses the
innovation and entrepreneurship market with new development potential. At the same
time, the inter-provincial pipeline fosters the extension of the urban industrial value chain
by promoting inter-city industrial linkages. This creates additional opportunities for in-
novation and entrepreneurship, thereby enhancing the resilience of the industrial chain
by stimulating the enthusiasm for innovation and entrepreneurship. Therefore, these
pipelines accelerate a city’s productivity and vitality, and ultimately, help its economy
achieve sustainable growth.

6. Heterogeneity Analysis
6.1. Heterogeneity Analysis: Geographical Locations of Sample Cities

The cities in China illustrate significant regional differences in innovation ability and
economic development. Consequently, the sample cities within this research were classified
into three regions: the eastern, central, and western regions (see Table 6). The results show
that the impact of intra-provincial buzz on urban economic resilience is significant in the
central and western regions, but not in the eastern regions. This pattern of innovation
cooperation in the central and western regions facilitates the technological exchange among
local enterprises and fosters a regional economic agglomeration effect. Consequently, it
promotes the rapid development of the local innovation ecosystem and enhances regional
economic resilience. On the other hand, inter-provincial pipelines have a significant effect
on urban economic resilience in the eastern areas, but not in the central or western ones. This
may be attributed to the eastern regions’ more advanced infrastructure and more extensive
human resources, which offer a better platform for innovation cooperation and facilitate
the sharing of technical knowledge. Such advantages are conducive to the concentration
of high-end technology and innovation factors in the regions, thus enhancing their urban
economic resilience. These findings reflect how the two innovative cooperation patterns’
effects on urban economic resilience vary by geographical region.

Table 6. Heterogeneity analysis grouped by the geographical location of sample cities.

Eastern Region Central and Western Regions

(1) (2) (3) (4)

buzz −0.124 1.096 **
(0.103) (0.510)

pipeline 0.024 * 0.023
(0.014) (0.024)

Control YES YES YES YES
Year/City YES YES YES YES

Observations 1054 1087 1904 1915
N 97 100 179 180
R2 0.223 0.222 0.112 0.111

Note: Standard errors are reported in parentheses, ** p < 0.05, * p < 0.1. Observation denotes the actual measured
value; “N” is the number of distinct cities covered in the subsample.

6.2. Heterogeneity Analysis: Population Size of Sample Cities

The size of a city has a significant impact on its industrial base, human capital, and
consequently, its economic resilience. Based on population size, this study’s sample cities
were divided into two categories: large cities (>1 million), and small and medium-sized
cities (<1 million) [73]. This classification allowed for an examination of how the impact
of intra-provincial buzz and the inter-provincial pipeline on economic resilience varies
between these two categories of cities (see Table 7).

https://doi.org/10.3390/systems14010051

https://doi.org/10.3390/systems14010051


Systems 2026, 14, 51 17 of 22

Table 7. Heterogeneity analysis grouped by urban population size of sample cities.

Large Cities Small and Medium-Sized Cities

(1) (2) (3) (4)

buzz 0.212 * 12.471 **
(0.116) (5.126)

pipeline 0.038 *** 0.565
(0.014) (0.509)

Control YES YES YES YES
Year/City YES YES YES YES

Observations 2851 2895 107 107
N 268 272 14 14
R2 0.105 0.109 0.250 0.242

Note: Standard errors are reported in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Observation denotes the actual
measured value; “N” is the number of distinct cities covered in the subsample.

The results in columns (1) and (3) indicate that intra-provincial buzz significantly
enhances urban economic resilience in both large cities and small and medium-sized cities,
while the results in columns (2) and (4) indicate that the influence of the inter-provincial
pipeline on economic resilience is substantially beneficial for large cities, whereas it is not
significant for medium-sized and small cities. Large cities exhibit a higher capability of
agglomerating important elements like capital, talents, and technology, which provides
strong support for inter-provincial innovation cooperation. Due to the small number of
small and medium-sized cities in China, the imbalanced sample may bring about uncer-
tainty in estimation, which might be the reason why the subgroup regression of medium
and small-sized cities for the inter-provincial pipeline is not significant. Furthermore, due
to their greater population density and more pronounced industrial agglomeration effect,
large cities have fostered a more comprehensive innovation ecosystem and cooperation
network, which facilitate more frequent personnel exchange, technology transfer, and
cooperation between enterprises. This network effect in large cities can further strengthen
inter-provincial innovation cooperation and improve economic resilience.

6.3. Heterogeneity Analysis: Industrial Structural Diversification of Sample Cities

Another important factor influencing economic resilience is the industrial structure.
A city with a diverse range of industries can mitigate the impact of fluctuations in any
single industry sector of its economy. When a certain industry experiences a downturn
or recession, other industries can stabilize the economy by softening the negative impacts
of the downturned industry. Following the methodology outlined in the study of Xu and
Zhang [4], this study measured the degree of diversity in the industrial structure and
examined how it affected economic resilience (see Table 8).

The results show that in areas with a great extent of industrial diversification, intra-
provincial buzz considerably improves economic resilience; however, the impact is not
significant in areas with lower levels of industrial diversification. Conversely, the impact of
the inter-provincial pipeline exhibited the opposite pattern. The probable reason is that,
through innovation spillover and efficient resource allocation, intra-provincial buzz can
boost the economy’s anti-risk capabilities and lessen economic instability in cities with
high levels of industry diversity. For cities with lower levels of industrial diversification,
inter-provincial cooperation can introduce new, heterogenous knowledge and technologies,
compensates for deficiencies in the local industrial structure, improves the local industrial
chain, and reduces the reliance on a single industry, thereby enhancing economic resilience.
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Table 8. Heterogeneity analysis grouped by industrial structure diversification of sample cities.

Cities with Low Levels of
Industrial Diversification

Cities with High Levels of
Industrial Diversification

(1) (2) (3) (4)

buzz 0.199 0.270 *
(0.181) (0.153)

pipeline 0.073 *** 0.024
(0.025) (0.015)

Control YES YES YES YES
Year/City YES YES YES YES

Observations 1426 1432 1394 1432
N 200 202 206 210
R2 0.065 0.072 0.158 0.156

Note: Standard errors are reported in parentheses, *** p < 0.01, * p < 0.1. Observation denotes the actual measured
value; “N” is the number of distinct cities covered in the subsample.

7. Conclusions and Policy Recommendation
7.1. Conclusions

Using panel data from 280 Chinese prefecture-level cities from 2010 to 2020, this
research carried out an in-depth examination of the relationship between intra-provincial
buzz and the inter-provincial pipeline and urban economic resilience. It also investigated
the mechanisms through which the two innovative cooperation patterns influence economic
resilience. Additionally, taking into account variables including geographic location, city
size, and the degree of industrial structure diversification, it investigated the disparate
impacts of the two innovative cooperation patterns on economic resilience.

The following are this study’s primary conclusions. (1) Relationship between two inno-
vative cooperation patterns and urban economic resilience: Intra-provincial buzz exhibits
an inverted U-shaped relationship with urban economic resilience, yet the vast majority
of cities are now on the ascending segment of the curve. In contrast, the inter-provincial
pipeline consistently improves economic resilience. When the inter-provincial pipeline
and intra-provincial buzz are developed in a synergetic effect, they increase metropolitan
economic resilience to a higher degree. (2) Mechanism of influence: The transmission
pathways through which intra-provincial buzz and the inter-provincial pipeline influence
economic resilience differ. Whereas intra-provincial buzz increases the degree of technology
agglomeration, inter-provincial pipelines improve economic resilience by enhancing the vi-
tality of urban innovation and entrepreneurship. (3) Heterogeneous effects: Depending on
the region, city size, and degree of industrial diversification, the impacts of intra-provincial
buzz and the inter-provincial pipeline on urban economic resilience vary. Specifically, the
inter-provincial pipeline shows a more significant impact for cities in the eastern region,
with larger populations and with lower levels of industrial diversification, whereas intra-
provincial buzz contributes more significantly to urban economic resilience in the central
and western regions and in cities with higher levels of industrial diversification.

7.2. Policy Recommendation

Building on the above empirical findings, this study offers the following policy impli-
cations for fostering an open innovation pattern, building resilient cities. (1) Governments
at all levels should be committed to the creation of an innovative cooperation ecosystem,
which includes establishing joint laboratories, research centers, and innovation hubs to
foster innovation collaboration and knowledge exchange, thereby promoting more exten-
sive inter-city innovation cooperation. (2) It is crucial to carefully manage and balance
the intensity of intra-provincial innovation cooperation and ensure that it remains at a
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level that maximizes benefits without leading to diminishing returns or technology lock-in.
Top-tier cities should focus on optimizing and diversifying their cooperation network
(e.g., by strategically integrating external pipelines) to guard against the risks of excessive
embeddedness in local networks. (3) Governments can optimize investment and talent
policies to fit local conditions, provide tailored services for innovative and entrepreneurial
enterprises, develop a favorable business environment that supports the growth and suc-
cess of innovative and entrepreneurial enterprises and increases the overall dynamism and
adaptability of the urban economy, and consequently, enhance urban economic resilience.
(4) Cities should tailor their innovation cooperation strategies to their specific needs. East-
ern cities with lower industrial diversification should prioritize enhancing local buzz to
effectively absorb and re-innovate knowledge acquired through inter-provincial pipelines.
Large cities in central and western regions can act as “regional gateways”, and strategically
build inter-provincial pipelines while continue to strengthen their intra-provincial buzz, to
maximize economic resilience.
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